Abstract. In order to evaluate the sugar content and composition of 'Angeleno' plum, a method for the simultaneous determination of fructose, glucose, sucrose, sorbitol in Angeleno fruit was developed with HPLC-ELSD .The analysis was performed on an Agilent Zorbax column with a gradient program, acetonitrile-water as the mobile phase . The column temperature was 35 ℃ and flow rate was 1.40 ml/min, evaporative light scattering detector, the drift tube temperature was 80 ℃. The Results showed that 'Angeleno' plum fruit mainly contain fructose, sorbitol, glucose and sucrose , four kinds of sweet substances, the average recoveries in the 92.08% ~101.31%; RSD in the range of 0.52% ~ 3.68%. In a conclusion, the method was accuracy, sensitivity and feasibility to analyze the four kinds of soluble sugar in Angeleno plum fruit.
Introduction
Plum fruits (Prunus salicina L) have been welcomed by consumers for its flavor and excellent nutrition. 'Angeleno' is a late-maturing plum, which has excellent storage quality [1] . As sweetness is one of the most important tastes in fruits, the acceptability of fruits is affected by content and composition of sugars [2, 3, 4] . HPLC has been accepted to be the most effective and innovative method for carbohydrate analysis, numerous procedures have been described using various detectors. The index of refraction (RI) and the ECD suffer from poor sensitivity and selectivity being connected with the temperature, composition, flow rate, and the gradient elution's incompatibility of detection. However, the ELSD does not have these limitations as it is based on the particles' ability to cause photon scattering. Moreover, ELSD can detect most compounds which is less volatility than the mobile phase and it is not relying on the optical properties of the analytes [5] . The content and composition of sweet substance in 'Angeleno' fruit at present has not been reported. This study developed a rapid and effective quantitative analysis method of major sugars in 'Angeleno' fruit by HPLC-ELSD, and the sugars' content and composition in 'Angeleno' plum were analyzed.
Materials and Methods

Reagents and Instruments
Fructose, sorbitol, glucose, sucrose were HPLC grade and obtained from Amresco (USA); zinc acetate (AR), potassium ferrocyanide (AR); Methanol and Acetonitrile (HPLC grade, Rcilabscan Co.). 600E HPLC system (Waters Co., USA), KQ-500E ultrasonic cleaner (Kunshan Co., China); Ultrapure water system (Human Co., China); AR1140 Electronic balance (OhausCo., China); TGL-10C Flying pigeon centrifuge (Anting Co., China). 
Chromatographic Conditions
Preparation of Standard Solution
For serial dilution of sugars (fructose, sorbitol, glucose and sucrose), a required amount of authentic standard was dissolved in deionised water (H2O). Before HPLC analysis, all standards should be filtered through 0.22 μm nylon filters. Each standard was analysed repeatedly for calibration and the sugars' concentrations ranged from 1 to 12 mg/mL.
Sample Preparation
For determining the soluble sugars content in 'Angeleno' plum, the plum sample was treated as follows, 5 g fresh plum was grinding fully and then transferring it to 100 mL volumetric flask and 5 mL zinc acetate solution and 5ml potassium ferrocyanide solution were added into the solution, extracting the sugars with ultra-sonication for 25 min at 50℃. Then 8 mL samples extracts was centrifuged at 10000 r/min for 30 min. Filtering the supernatant solution before analyzed through a 0.45 μm hydrophilic membrane filter.
Results and Analysis The Optimization for Detector Parameters
The temperature of drift tube and the flow rate of carrier gas are two important parameters of ELSD detector [6] . When the drift tube temperature was high, mobile phase would evaporate completely and the noise would increase. But the high temperature would result in the reducing baseline level, the weak signal values, the increased noise and the partial vaporization of analyte, which would affect the sensitivity of the detector. However, the low temperature of drift tube helped to improve the intensity of the scattered light. Setting the drift tube temperature at 80℃ to achieve the desired separation. The mobile phase composition could be evaporated completely, the noise-signal ratio was minimized and the chromatogram baseline was smooth when the pressure of the carrier gas was 25 psi.
The Optimization of Mobile Phase
Because of the sugar molecules containing polar groups, the acetonitrile was used as the mobile phase. But the solubility of sugar in acetonitrile was small, so the water was mixed into the acetonitrile [7] . The concentration of water has great effect on the retention time of sugars during analysis. Retention time would be decreased when water in the mobile phase was increase. When decreasing the mobile phase's water, it would result in longer retention time. Broad and asymmetric peaks in chromatogram would produce when water was higher than 40% (v/v) [5] . By optimizing the mobile phase, acetonitrile: water (86:14 v/v) with a flow rate of 1.4 ml/min (Fig. 1) was found to give the best result. For getting the mixed standard solution of fructose, sorbitol, glucose and sucrose, the four kinds of standard stock solution showed in 1.3 was diluted to the scale with ultrapure water. The standard solution concentrations were 1.0 mg/ml, 2.0 mg/ml, 4.0 mg/ml, 8.0 mg/ml and 12.0 mg/ml, respectively. Typically the calibration curve generated using an ELSD is sigmoidal or exponential including fructose, sorbitol, glucose and sucrose which produced second order polynomial curves. Further, to convert the calibration curves from polynomial to linear, the log 10 of the peaks area and calibration concentrations were calculated [8] . According to the chromatographic condition in table 1, the mixed standard solution was measured and the linear equation was constructed by the quality logarithm of fructose, sorbitol, glucose and sucrose versus peak area logarithm. Correlation coefficient and linear range were shown in Table 2 .
The Recovery
A mixture of standards was spiked after extraction from plum and the recovery was analysed in triplicate to evaluation the accuracy. The results showed that it is a accurate separation and analysis conditions for four compounds (Table 3 ). The recovery were 98.08%, 92.08%, 94.05%, 101.32%, for Fructose, Sorbitol, Glucose and Sucrose, respectively. The method precision was determined by calculating the coefficient of variation of analyte concentration, which values of sugars ranged from 0.46% to 4.85%, as shown in Table 4 .
Precision of the Method
Stability Experiments
The same standard solution mixture analyzed at experimental conditions every 1 h, 2 h, 4 h, 8 h, 24 h, 48 h and the results showed that the standard solution changed little in 48 h in the refrigerator at 4℃.
The Analysis of Plum Samples
As shown in Table 5 , this study found that fructose, sorbitol, glucose and sucrose were the main soluble sugar in the 'Angelino' plum fruits, and the fructose were the major sweet substances which was 51.03±4.65 mg/g•Fw, the sorbitol was the second abundant substance which content was 23.55±2.89 mg/g•Fw. 
Conclusions
This study presented a HPLC-ELSD method for the simultaneous separation and determination of soluble sugars in 'Angelino' plum fruit. The analysis was performed on an Agilent Zorbax column with a gradient program, acetonitrile-water as the mobile phase. The column temperature was 35 ℃ and flow rate was 1.40 ml/min, evaporative light scattering detector, the drift tube temperature was 80 ℃. The study found that fructose, sorbitol, sucrose and glucose in 'Angeleno' plum fruit. Fructose was the major sweet substance, followed by sorbitol, sucrose and glucose. The average recoveries in the 92.08% ~101.31%; RSD in the range of 0.52% ~ 3.68%. In a conclusion, the method was accuracy, sensitivity and feasibility to analyze the four kinds of soluble sugar in Angeleno plum fruit. As we known, the sweet degree of fructose is 1.7 higher than that of sucrose. In addition, the study also found that the sugars content in plum fruits were markedly different in different maturity stages.
